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(57) ABSTRACT

A system for dimming a solid state illumination source, such
as a light emitting diode, including a low pass analog filter
operative to extract a direct current (DC) voltage component
from an incoming alternating current (AC) waveform. A
microprocessor is structured to digitally filter the DC voltage
resulting from the analog filter and extract dimming data
associated with a dimming operation of the LED. The micro-
processor includes monitoring capabilities operative to detect
predetermined characteristics of the dimming data associated
with the dimming operation. The predetermined characteris-
tics are determinative of manual control of the dimming
operation or non-manual activation of a dimming signal. The
predetermined characteristics which are determinative of
manual control may include, but not be limited to, speed of
voltage change, direction of voltage change and amount of
voltage change associated with the dimming signal delivered
to the LED.
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1
DIMMING CONTROL SYSTEM FOR SOLID
STATE ILLUMINATION SOURCE

CLAIM OF PRIORITY

The present application is based on and a claim of priority
is made under 35 U.S.C. Section 119(e) to a provisional
patent application that is currently in the U.S. Patent and
Trademark Office, namely, that having Ser. No. 61/755,684
and a filing date of Jan. 23, 2013, and which is incorporated
herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is directed to a dedicated dimming system
applicable for use with solid state illumination sources, such
as LED technology, which provides proper and accurate con-
trol of a dimming operation therefor. The system is structured
to be easily retrofitted for use with previously installed or
existing dimmer systems for incandescent illumination
sources. Moreover, whether or not installed as a retrofit, the
dimmer system of the present invention is operative to distin-
guish an intended manual control of a dimming operation of
the LED light source, from a non-manual event including a
power anomaly inthe power supplied to the LED light source.

2. Description of the Related Art

As is recognized, phase control dimmers “chop” an AC
waveform to reduce power to light loads, thereby causing a
diminishing of light intensity or a “dimming” of a light
source. The chop or distortion of the AC waveform essentially
comprises a portion of the AC waveform being removed for a
period of time of each AC cycle (180 degrees). Accordingly,
known phase control dimmers work best with incandescent
lamps that present a resistive load to the dimmer. In contrast,
light emitting diode (LED) drivers present a reactive load to
the dimmer. This means that the LED driver will distort the
AC current and voltage significantly by drawing non-linear
currents while operating. They also present a zero load con-
dition to the dimmer each AC cycle. Such a zero load condi-
tion causes dimmer operation to misfire resulting in a
“flicker” or noted visual fluctuation in the intensity of illumi-
nation generated. As a result, dimming LED lights with elec-
tronic drivers associated with technology designed to drive
incandescent bulbs is problematic.

Further factors affecting accurate and reliable operation of
LED dimmer assemblies include the fact that power quality in
many buildings or other facilities is deteriorating. This is at
least partially due to the proliferation of AC/DC power sup-
plies for electronic equipment. Such equipment includes, but
is not limited to, computers, telephone equipment, copy
machines, fax machines and essentially any device that
requires DC voltage to operate, but is fed by AC voltage in the
building. Switching power supplies are typically not “power
factor corrected” and as such draw their charging current at
the peak of the incoming AC waveform. This results in a
“flattening” of the waveform because high peak currents
cause resistive voltage loss in the building’s wiring and trans-
former cores. Further, the reactive loads from motors and
some lighting facilities contribute to the distortion of the AC
waveforms. The poor power quality causes LED drivers to
misfire and create the “flicker” in the LED currents.

Accordingly, there is a need in this area for a dedicated
dimmer solution to be applied for use with solid state illumi-
nation sources, including LED lighting technology. Such a
preferred system and attendant solution will provide proper
and accurate control with minimal risk of misfire. Moreover,
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a preferred and proposed system for dimming solid state
illumination sources can compensate for less than ideal power
quality conditions and/or disruptive power supplies.

SUMMARY OF THE INVENTION

The present invention is directed to a dimming system and
attendant mode of operation which is adaptable, but not lim-
ited, to a retrofit application with previously installed and/or
existing dimmer systems for incandescent illumination
sources.

More specifically, the dimming system and method of the
present invention comprises a constant low pass, analog filter
operative to essentially extract the direct current (DC) value
of an incoming “chopped” alternating current (AC) wave-
form. In addition, the analog filter is structured to remove
most of the offensive distortion associated with the chopped
AC waveform. In at least one preferred embodiment, the
present invention includes a powerful microprocessor struc-
tured to digitally filter the DC voltage created by the analog
filter and extract “dimming data” associated with a dimming
operation of the LED light source.

Moreover, the microprocessor includes monitoring capa-
bilities operative to detect predetermined characteristics of
the dimming data. As such, the detected predetermined char-
acteristics will be determinative of an intended manual con-
trol of the dimming operation of the light source. In contrast,
a false dimming signal can be sent to the LED light source
when the predetermined characteristics are absent or not
found in the dimming data.

In operation, the predetermined characteristics can
include, but are not necessarily limited to, the speed of the
voltage change associated with the dimming signal, the direc-
tion of the voltage change (increasing or diminishing) thereof
and the amount of the voltage change. In more specific terms,
if the respective operative range or parameters of the above
noted predetermined characteristics of the dimming data are
present, the microprocessor is structured to recognize that the
dimming operation is intentional and in fact manually con-
trolled or activated. In turn, the microprocessor then gener-
ates and/or directs a control signal to the LED light source
causing a change in the light intensity, in terms of diminishing
or increasing the intensity, as desired and affected by the
manual operation.

As explained in greater detail hereinafter, at least one pre-
ferred embodiment of the system of the present invention is
operative to monitor the direction and speed of an apparent
dimming signal, which occurs when it appears that a dimming
operation is being attempted. More specifically, what would
normally appear to be an attempt to perform a change in light
intensity of the LED light source, may in fact be an anomaly
in the power supply. Accordingly, the operative features of
one or more of the preferred embodiments of the present
invention determine, based on the presence or absence of the
aforementioned predetermined characteristics, if a variance
in the light intensity was manually created or an anomaly of
the power environment associated with the operation of the
LED light source.

Further by way of example, if the rate of speed of the
voltage change in an apparent dimming signal is less than
50-100 milliseconds, the microprocessor determines that the
dimming signal is in fact generated by a power anomaly. As a
result, the processor is operative to ignore the dimming signal
by categorizing it as non-manual generated signal. In turn no
dimming control signal is generated. Conversely, a dimming
signal that continues voltage change in a single direction
and/or evidences a movement rate of greater than 50-100
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milliseconds is preferably treated as a purposeful dimming
signal, being manually controlled. In such a situation, the
illumination intensity of the LED light source is adjusted
accordingly by sending a proper control signal from the
microprocessor to the LED light source.

In one or more preferred embodiments, the microprocessor
is also calibrated for target dimming states to make sure that
the LED driver will always have enough voltage available for
the illumination of the LED at a given light setting. This
ability to “re-slope” when a zero light output point occurs on
an AC waveform helps to create a “no-flicker” LED light
intensity during a phase dimming operation. To further effec-
tuate a “flicker-free” illumination and insure that sufficient
power is always present to drive the LED light source, one or
more of the preferred embodiments of the present system also
comprises the calibration of the zero light point to the appro-
priate phase angle of the light form for specific location
and/or environment in which the system is installed. This
compensates for variations and/or fluctuations that may exist
between different lighting environments.

These and other objects, features and advantages of the
present invention will become clearer when the drawings as
well as the detailed description are taken into consideration.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature of the present
invention, reference should be had to the following detailed
description taken in connection with the accompanying draw-
ings in which:

FIG. 1 is a perspective view in schematic form of the
present invention structured to be installed possibly, but not
necessarily, as a retrofit of any of a possible plurality of
lighting environments, which may or may not have originally
been an incandescent lighting system.

FIG. 2 is a perspective view representing one of a possible
plurality of control facilities and/or touch pads, which may
have initially been used to manually perform a dimming
operation on an incandescent illumination source and
because of a possible retrofit application of the system of the
present invention, is operable to perform a dimming operation
on a solid state illumination source.

FIG. 3 is a schematic representation in block diagram form
of the operative features associated with the present inven-
tion.

Like reference numerals refer to like parts throughout the
several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention is directed to a system for varying the
illumination level or intensity, such as by dimming, of a solid
state illumination source, wherein the illumination source
comprises one or more light emitting diodes (LED) 18. The
system 10 may be incorporated in any of a plurality of differ-
ent illumination environments such as, but not limited to, that
represented in FIG. 1. More specifically, one or more embodi-
ments of the subject dimming system and its attendant mode
of operation is adaptable, but not limited, to a retrofit appli-
cation with previously installed and/or existing dimmer sys-
tems for incandescent illumination sources.

Accordingly, with reference to FIGS. 1 and 2, the sche-
matically represented illumination environment may or may
not have initially been comprised of one or a plurality of
incandescent light sources, wherein the aforementioned solid
state illumination source comprising one or more light emit-
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ting diodes (LED) 18 have been substituted therefor. It is
therefore emphasized the dimming control system and its
method of operation may be used in combination with an
originally installed solid state illumination assembly such as,
but not limited to, that incorporating one or more LED’s.
Alternately, the dimming control system of the present inven-
tion may be retrofitted into a dimming control for a previously
installed illumination system incorporating one or more
incandescent light sources. As such, the control panel or
touch pad is intended to schematically represent any of a
plurality of control devices which may have originally been
structured and operative to perform a dimming procedure on
incandescent light sources or on an originally installed solid
state illumination assembly.

Therefore, the manual operation of the dimming procedure
associated with the dimming system of the present invention
may be accomplished by one or more switching assemblies or
touch pads 12. Further, the components and/or circuitry asso-
ciated implementation of the dimming system 10 is opera-
tively connected to the power supply and control facilities or
touch pad 12, as at 10". As indicated the control panel or touch
pad 12 is provided by way of example only and is represen-
tative of different types of illumination control assemblies or
touch pads capable of controlling the operation, at least to the
extent of the on-off mode, as well as the regulation of the light
intensity of the LED light source 18.

Accordingly, and with primary reference to FIG. 2, the
structurally operative details of each of one or more of a
possible plurality of switching assemblies, touch pad or light
control panels 12 are at least schematically represented. Fur-
ther by way of example, each touch pad 12 may include a
plurality of control members collectively and generally rep-
resented as 14. Moreover, the plurality of control members 14
preferably include diverse structures and functions that are
cooperatively associated to work in consort with one another
to accomplish on-off activation or operation as well as well as
the performance of the dimming operation. Accordingly, the
touch pad or light control facilities 12 may comprise a plu-
rality of touch pad buttons 16 through 20 and at least one
linear slider member 21, which collectively define the control
members 14. Moreover, manual contact and/or sliding
engagement of the hand of a user with the slider 21 may serve
to vary the light intensity level in terms of performing the
dimming operation. Accordingly, the term “dimming opera-
tion” as used herein is meant to describe the intentional vari-
ance of the intensity or brightness level of illumination of the
one or more LED’s 18. Therefore, and as set forth above, the
control facilities 12 are used to manually control the intensity
or level of illumination of the LED(s) 18.

Further by way of example and as demonstrated in the
schematic representation of FIG. 1, the control facilities or
touch pad 12 are electrically connected in current regulating
relation to a conventional electrical power supply and thereby
provides electrical current to the one or more solid state
illumination sources, such as LED’s 18.

Accordingly, and with primary reference to FIGS. 1 and 3,
the present invention includes the dimming system 10,
wherein the operative components and/or circuitry 10' thereof
include a constant low pass analog filter 30 operative to essen-
tially extract direct current (DC) value of an incoming
“chopped” alternating current (AC) waveform. In addition,
the analog filter is structured to remove most of the offensive
distortion associated with the chopped AC waveform. In at
least one preferred embodiment, the present invention
includes a powerful microprocessor 32 structured to digitally
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filter the DC voltage created by the analog filter 30 and extract
“dimming data” associated with the dimming operation for
the LED light source 18.

As further schematically represented in FIG. 3, the micro-
processor 32 includes monitoring capabilities 34. The moni-
toring capabilities 34 are operative to detect predetermined
characteristics, generally indicated as 36, associated with the
dimming data. Such predetermined characteristics 36 to be
detected by the monitoring capabilities 34 will be determina-
tive of an intended manual control of the dimming operation
of'the LED source 18. In contrast, a “false dimming signal”
can be generated which would normally result in a variance of
the light intensity of the led 18. Such a false or invalid dim-
ming signal may be determined or detected by the absence of
the predetermined characteristics 36 when not found or
present in the dimming data.

As also more specifically represented in FIG. 3, the prede-
termined characteristics 36 can include, but are not necessar-
ily limited to, the speed of the voltage change 38 associated
with a generated dimming signal, the direction of the voltage
change 40 thereof and the amount of voltage change as at 42.
In more specific terms, if one or more of the above designated
predetermined characteristics 36 are respectively within pre-
set parameters or operative range, the microprocessor 32 is
structured to recognize that the dimming operation is inten-
tional and in fact manually activated or controlled. The micro-
processor 32 then generates a control signal 44 to the one or
more LED’s 18, causing a change in the light intensity
thereof. Variance or change in the light intensity may be in
terms of diminishing or increasing the intensity and the atten-
dant light level as desired and eftected by the manual opera-
tion of the slider 21 or other components of the control facili-
ties or touch panel 12.

Further with regard to FIG. 3, the monitoring capabilities
34 of the microprocessor 32 include the existence of any one
or all of the predetermined characteristics 38, 40 and 42 in the
dimming data. If one or more or a combination of the prede-
termined characteristics 38, 40 and 42 are outside their
respective preset parameters or operative ranges, then the
determination or decision, as at 38', 40' and/or 42' is made and
the generation of a control or light intensity dimming signal
44 is prevented from being generated by the microprocessor
32. Moreover, any dimming operation that is recognized as
being invalid, serves to terminate the dimming operation, as at
38", 40" and 42". In contrast, if any of the predetermined
characteristics 38, 40 and 42 are within the preset parameters,
set forth in greater detail hereinafter, then a positive indica-
tion is detected by the monitoring capabilities 34 and the
microprocessor 32 is structured to generate the control signal
44 to the one or more LED’s 18, serving to vary the light
intensity level.

Further by way of example if the rate of speed of the
voltage change, as at 40, in the apparent dimming data is less
than 50-100 milliseconds, the microprocessor 32 determines
that the dimming signal is in fact generated by a power
anomaly or other non-intentional or non-manual event. As a
result the microprocessor 32 is structured to ignore the dim-
ming signal, as at 38' by categorizing is as a non-manual
generated signal and the dimming operation is terminated
38". As a result, no dimming control signal 44 is generated by
the microprocessor 32. Conversely, a dimming signal that
continues voltage change in a single indicative direction and/
or evidences a movement rate of greater than 50-100 milli-
seconds is preferably treated as a purposeful or valid dimming
signal, being manually controlled such as at the control facili-
ties or touch pad 12. In such a situation the illumination
intensity of the LED light source 18 is adjusted accordingly
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by sending a valid control signal 44 from the microprocessor
32 to the one or more of the LED light sources 18.

Additional preferred embodiments of the present inven-
tion, include the microprocessor 32 being calibrated for target
dimming states to make sure that an LED driver will always
have sufficient voltage available for the illumination for the
LED(s) 18 at a given light setting. This ability to “re-slope”
when zero light output occurs on an AC wave-form helps to
create a “no-flicker” LED light intensity during a phase dim-
ming operation. Further, in order to establish the “flicker-
free” illumination of an LED light source, as well as assure
that sufficient power is always present to drive the LED light
source, one or more embodiments of the present invention
further comprises calibration of the zero light point to the
appropriate phase angle for specific environments in which
the system is installed, such as that schematically represented
in FIG. 1. This calibration compensates for the variations
and/or fluctuations that exist between different lighting envi-
ronments.

Since many modifications, variations and changes in detail
can be made to the described preferred embodiment of the
invention, it is intended that all matters in the foregoing
description and shown in the accompanying drawings be
interpreted as illustrative and not in a limiting sense. Thus, the
scope of the invention should be determined by the appended
claims and their legal equivalents.

Now that the invention has been described,

What is claimed is:

1. A system for dimming a light emitting diode (LED)
illumination source, said system comprising:

an analog filter operative to extract a direct current (DC)
voltage value from an incoming alternating current (AC)
waveform,

a microprocessor structured to digitally filter the DC volt-
age resulting from said analog filter and extract dimming
data associated with a dimming operation for the LED,

said microprocessor including monitoring capabilities
operative to detect predetermined characteristics of said
dimming data,

said predetermined characteristics determinative of
manual control of said dimming operation, and,

said predetermined characteristics including at least speed
of a voltage change associated with said dimming opera-
tion.

2. A system as recited in claim 1 wherein said speed of
voltage change greater than 100 milliseconds being indicative
of manual control of said dimming operation.

3. A system as recited in claim 1 wherein said predeter-
mined characteristics are selected from the group consisting
of speed of voltage change, direction of voltage change and
amount of voltage change.

4. A system as recited in claim 3 wherein said predeter-
mined characteristics being within respective operative
ranges is indicative of manual control of said dimming opera-
tion.

5. A system as recited in claim 4 wherein said micropro-
cessor is structured to direct an intensity control signal to the
LED, operative to adjust light intensity thereof.

6. A system as recited in claim 5 wherein generation of said
intensity control signal is dependent on a determination of
said dimming operation being manually controlled.

7. A system as recited in claim 4 wherein said predeter-
mined characteristics being outside respective operative
ranges is indicative of non-manual control of said dimming
operation.
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8. A system as recited in claim 4 wherein said predeter-
mined characteristics being outside respective operative
ranges is indicative of a power anomaly.

9. A system as recited in claim 1 wherein said micropro-
cessor is structured to direct an intensity control signal to the
LED, operative to adjust light intensity thereofto the extent of
affecting dimming of the LED.

10. A system as recited in claim 9 wherein generation of
said intensity control signal is dependent on a determination
of said dimming operation being manually controlled.

11. A system as recited in claim 1 further comprising said
microprocessor being calibrated to effectuate at least suffi-
ciently minimum voltage available to the LED to establish
no-flicker illumination at zero light level intensities.

12. A system for dimming a solid state illumination source
retrofitted into an original illumination source comprising
incandescent lighting, said system comprising:

an analog filter operative to extract a direct current (DC)
voltage value from an incoming alternating current (AC)
waveform,

a microprocessor structured to digitally filter the DC volt-
age resulting from said analog filter and extract dimming
data associated with a dimming operation for the LED,

said microprocessor structured to direct an intensity con-
trol signal to the solid state illumination source being
operative to adjust light intensity thereof,

said microprocessor including monitoring capabilities
operative to detect predetermined characteristics of said
dimming data determinative of manual control of said
dimming operation,

said predetermined characteristics being outside respective
operative ranges indicative of non-manual control of
said dimming operation, and

wherein generation of said intensity control signal is
dependent on a determination of said dimming operation
being manually controlled.

13. A system as recited in claim 12 wherein said predeter-
mined characteristics are selected from the group consisting
of speed of voltage change, direction of voltage change and
amount of voltage change.

14. A system as recited in claim 12 further comprising said
microprocessor being calibrated to effectuate at least suffi-
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ciently minimum voltage available to the LED to establish
no-flicker illumination at zero light level intensities.

15. A system as recited in claim 12 wherein the solid state
illumination comprises at least one LED.

16. A system for dimming a light emitting diode (LED)
illumination source, said system comprising:

an analog filter operative to extract a direct current (DC)
voltage value from an incoming alternating current (AC)
waveform,

a microprocessor structured to digitally filter the DC volt-
age resulting from said analog filter and extract dimming
data associated with a dimming operation for the LED,

said microprocessor including monitoring capabilities
operative to detect predetermined characteristics of said
dimming data,

said predetermined characteristics determinative of
manual control of said dimming operation, and,

said predetermined characteristics including at least direc-
tion of a voltage change associated with said dimming
operation.

17. A system as recited in claim 16 wherein said direction
of'voltage change in a single direction is indicative of manual
control of said dimming operation.

18. A system for dimming a light emitting diode (LED)
illumination source, said system comprising:

an analog filter operative to extract a direct current (DC)
voltage value from an incoming alternating current (AC)
waveform,

a microprocessor structured to digitally filter the DC volt-
age resulting from said analog filter and extract dimming
data associated with a dimming operation for the LED,

said microprocessor including monitoring capabilities
operative to detect predetermined characteristics of said
dimming data,

said predetermined characteristics determinative of
manual control of said dimming operation, and,

said predetermined characteristics including at least an
amount of a voltage change associated with said dim-
ming operation.



